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[57] ABSTRACT 
An engine brake running control has been improved 
such that when the brake pedal is released, the original 
engine brake running control instruction is slightly 
modi?ed to meet the driver’s demand. For example, the 
originally set instruction of effecting engine brake run~ 
ning at the second gear position is cancelled or replaced 
with the engine brake running instruction at the third 
gear position. 

20 Claims, 11 Drawing Sheets . 
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ENGINE BRAKE RUNNING CONTROL FOR 
AUTOMATIC TRANSMISSION IN AUTOMATIC 

DRIVE RANGE 

RELATED APPLICATIONS 

US. patent application Ser. No. 07/336,431 in the 
name of Satoshi TAKIZAWA, ?led on Apr. 11, 1989; 
US. patent application Ser. No. 07/342,144 in the 

name of Satoshi TAKIZAWA, ?led on Apr. 24, 1989; 
and 
US. patent application Ser. No. 07/375,967 in the 

name of Satoshi TAKIZAWA, ?led on July 6, 1989 
claiming priority based on JP63-166984. 

BACKGROUND OF THE INVENTION 

The present invention relates to an engine brake run 
ning control for an automatic transmission when the 
automatic transmission operates in an automatic drive 
range, viz., a “D” range. 
An automatic transmission of the E4N71B type is 

known. This automatic transmission is manufactured by 
Nissan Motor Company Limited in Japan and described 
in a publication “NISSAN AUTOMATIC TRANS 
MISSION L4N71B TYPE, E4N71B TYPE, SER 
VICE MANUAL 1982 (A261CO4)” issued by Nissan 
Motor Company Limited on November in 1982. This 
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known transmission comprises a downshift solenoid, a - 
shift switch, an idle switch, a vehicle speed sensor, a 
brake switch, and a control unit. As described on page 
12 of the above-mentioned publication, the downshift 
solenoid is rendered ON when the shift switch indicates 
that the third gear position is established in D range, the 
vehicle speed sensor detects a vehicle speed falling in a 
predetermined range from 30 km/h to 50 km/h, the 
brake switch is rendered ON, and the idle contacts of 
the throttle switch are rendered ON. According to this 
known downshift control, whenever the above men 
tioned conditions are met, a downshift is made to the 
adjacent one low gear position, and further downshift 
will not be made. Thus, if more effective engine brake is 
needed, it is necessary to shift a manual selector to a 
manual select range position, such as “2” range or “1” 
range. ' 

The Applicant has proposed in the above-mentioned 
US. patent application Ser. No. 07/342,l44 ?led on 
Apr. 24, 1989 how to determine a new gear position 
which an automatic transmission should be downshifted 
to and conditioned for an engine brake running when 
the automatic transmission operates in a D range (an 
automatic drive range). According to this previous 
proposal, the new gear position is determined in re 
sponse to a deceleration which the automotive vehicle 
is subject to after a brake pedal has been depressed. 
More speci?cally, predetermined deceleration values 
are provided for different gear positions and an appro 
priate one of them which corresponds to the present 
gear position which the automatic transmission is condi 
tioned in is selected and compared with the actual de 
celeration detected. In response to the result of this 
comparison, a new gear position lower than the present 
gear position is determined. 
An object of the present invention is to improve the 

previously proposed engine brake running control such ' 
that when the brake pedal is released after the engine 
brake running state has been established, the degree of 
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2 
deceleration which the automotive vehicle is subject to 
is at least restrained to improve a ride feel. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, 
there is provided an engine brake running control sys 
tem for an automotive vehicle including a brake pedal, 
and an automatic transmission, the automatic transmis 
sion being shiftable from one gear position down to 
another adjacent low gear position, the another gear 
position being determined in accordance with a prede 
termined shift schedule when the automatic transmis 
sion operates in a predetermined automatic drive range, 
the engine brake running control system comprising; 
means for detecting a depression of the brake pedal and 
generating a brake pedal depression indicative signal 
indicative of said depression of the brake pedal, means 
for detecting a present gear position which the auto 
matic transmission is conditioned in and generating a 
present gear position indicative signal indicative of the 
present gear position detected, means for selecting, out 
of a predetermined group of gear positions which are 
lower than the present gear position, a new gear posi 
tion which the automatic transmission should be down 
shifted to upon presence of said brake pedal depression 
indicative signal when the automatic transmission oper 
ates in the automatic drive range, the selecting means 
selecting the new gear position in accordance with the 
present gear position indicative signal and at least one 
predetermined variable which the automotive vehicle is 
involved in, said predetermined group of gear positions 
including a predetermined gear position lower than the 
another gear position, means for effecting a downshift 
from the present gear position in the automatic trans 
mission to said new gear position to condition the same 
in a state for engine brake running at said new gear 
position when the automatic transmission operates in 
the automatic drive range, and means for preventing the 
automatic transmission from being conditioned for en 

' gine brake running at said predetermined gear position 
upon absence of said depression indicative signal when 
the automatic transmission operates in the automatic 
drive range. 
According to another aspect of the presentinvention, 

there is provided an engine brake running control sys 
tem for an automotive vehicle including a brake pedal, 
and an automatic transmission, the automatic transmis 
sion being shiftable from one gear position down to 
another adjacent low gear position, the another gear 
position being determined in accordance with a prede 
termined shift schedule when the automatic transmis 
sion operates in a predetermined automatic drive range, 
the engine brake running control system comprising; 
means for detecting a demand for engine brake running 
of the automotive vehicle when the automatic transmis 
sion operates in the predetermined automatic drive 
range (D range); means for detecting a present gear 
position which the automatic transmission is condi 
tioned in; means for setting one of a ?rst gear position ' 
indicator (FDS3) and a second indicator (FDSZ) in 
response to the present gear position detected and the 
degree of the demand for engine brake running when 
the demand for engine brake running is detected, the 
said ?rst gear position indicator being indicative of the 
another gear positionrthe second indicator being indica 
tive of a predetermined gear position lower than the 
another gear position, means for comparing the another 
gear position that is determined according to the prede 
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termined shift schedule and the gear position indicated 
by said one gear position indicator that is set and setting 
as a new gear position a lower one of the another gear 
position that is determined according to the predeter 
mined schedule and the gear position indicated by said 
one gear position indicator that is, means for shifting the 
automatic transmission from the present gear position 
down to said new gear position, means for conditioning 
the automatic transmission in a state for engine brake 
running when one of said ?rst and second gear position 
indicators is set, means for detecting a release of the 
brake pedal after said demand for engine brake running 
has been detected, and means for resetting said second 
gear position indicator when said release of the brake 
pedal is detected. 
According to still another aspect of the present inven 

tion, there is provided a method for engine brake run 
ning control for an automotive vehicle including a 
brake pedal, and an automatic transmission, the auto 
matic transmission being shiftable from one gear posi‘ 
tion down to another adjacent low gear position, the 
another gear position being determined in accordance 
with a predetermined shift schedule when the automatic 
transmission operates in a predetermined automatic 
dl'ive range, the method comprising the steps of, detect 
ing a depression of the brake pedal and generating a 
brake pedal depression indicative signal indicative of 
said depression of the brake pedal, detecting a present 
gear position which the automatic transmission is condi 
tioned in and generating a present gear position indica 
tive signal indicative of the present gear position de 
tected, selecting, out of a predetermined group of gear 
positions which are lower than the present gear posi 
tion, a new gear position which the automatic transmis 
sion should be downshifted to upon presence of the 
brake pedal depression indicative signal when the auto 
matic transmission operates in the automatic drive 
range, said selecting step selecting said new gear posi 
tion in accordance with said present gear position indic 
ative signal and at least one predetermined variable 
which the automotive vehicle is involved in, the prede 
termined group of gear positions including a predeter 
mined gear position lower than the another gear posi 
tion, effecting a downshift from the present gear posi 
tion in the automatic transmission to said new gear 
position to condition same in a state for engine brake 
running at said new gear position when the automatic 
transmission operates in the automatic drive range, and 
preventing the automatic transmission from being con 
ditioned for engine brake running at the predetermined 
gear position upon absence of the depression indicative 
signal when the automatic transmission operates in the 
automatic drive range. 
According to a further aspect of the present inven 

tion, there is provided a method for engine brake run 
ning control for an automotive vehicle including a 
brake pedal, and an automatic transmission, the auto 
matic transmission being shiftable from one gear posi 
tion down to another adjacent low gear position, the 
another gear position being determined in accordance 
with a predetermined schedule when the automatic 
transmission operates in a predetermined automatic 
drive range, the method comprising the steps of, detect 
ing a demand for engine brake running of the automo 
tive vehicle when the automatic transmission operates 
in the predetermined automatic drive range (D range), 
detecting a present gear position which the automatic 
transmission is conditioned in, setting one of a ?rst gear 
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position indicator (FDS3) and a second gear position 
indicator (FDSZ) in response to the present gear posi 
tion detected and the degree of said demand for engine 
brake running when said demand demand for engine 
brake running is detected, said ?rst gear position indica 
tor being indicative of the another gear position, said 
second gear position indicator being indicative cf a 
predetermined gear position lower than the another 
gear position; comparing the another gear position that 
is determined according to the predetermined shift 
schedule and the gear position indicated by said one 
gear position indicator that is set and setting as a new 
gear position a lower one of the another gear position 
that is determined according to the predetermined 
schedule and the gear position indicated by said one 
gear position indicator that is, shifting the automatic 
transmission from the present gear position down to 
said new gear position, conditioning the automatic 
transmission in a state for engine brake running when 
one of said ?rst and second gear position indicators is 
set, detecting a release of the brake pedal after said 
demand for engine brake running has been detected, 
and resetting said second gear position indicator when 
said release of the brake pedal is detected. According to 
still further aspect of the present invention, there is 
provided a method for engine brake running control for 
an automotive vehicle including an automatic transmis 
sion, an accelerator pedal, and a foot brake, the auto 
matic transmission including an input shaft and an out 
put shaft and being automatically shiftable between a 
plurality of gear positions in accordance with a prede 
termined shift schedule when a forward drive range is 
selected, the method comprising the steps of; detecting 
whether the drive range is selected or not and generat 
ing a drive range selection signal indicative of the fact 
that the drive range is selected, detecting whether the 
accelerator pedal is released or not and generating an 
accelerator pedal release indicative signal indicative of 
the fact that the accelerator pedal is released, detecting 
whether the foot brake is depressed or not and generat~ 
ing a foot brake depression indicative signal indicative 
of the fact that the foot brake is released, detecting a 
revolution speed of the output shaft of the automatic 
transmission and generating a revolution speed indica 
tive signal indicative of said revolution speed of the 
output shaft; generating a deceleration indicative signal 
indicative of a deceleration which the automotive vehi 
cle is subject to, detecting a present gear position which 
the automatic transmission is conditioned in and gener 
ating a present gear position indicative signal indicative 
of the present gear position, preparing at least two gear 
position indicators including a ?rst gear position indica 
tor and a second gear position indicator, said ?rst gear 
position indicator (FDSZ) being indicative of a ?rst gear 
position and said second gear position indicator (FDS3) 
being indicative of a second gear position which pro 
vides a gear ratio lower than a gear ratio provided by 
said ?rst gear position; setting one gear position indica 
tor among all for said present gear position and said 
deceleration indicative signal when said drive range 
selection signal, said accelerator pedal release indicative 
signal, and said foot brake depression indicative signal 
are all present, resetting the first gear position indicator 
in response to an absence of the foot brake release signal 
when the drive range selection signal and said accelera 
tor pedal release signals are both present, and condition 
ing the automatic transmission in one gear position 
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indicated by the gear positionindicator which has been 
set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of an embodi 
ment invention; 
FIGS. 2A, 2B, and 2C when combined side by side, 

illustrate an electro-hydraulic control system for the 
automatic transmission shown in FIG. 1; 
FIG. 3 is a schematic view showing the gear train of 

the automatic transmission in association with an inter 
nal combustion engine and a road wheel shown in block 
diagram; 
FIG. 4a is a ?owchart of a program for counting a 

pulse_ generated by a vehicle speed sensor for detecting 
a revolution speed of a transmission output shaft; 
FIG. 4b is a ?owchart of a program for determining 

a deceleration which an automotive vehicle is subject 
to; 
FIG. 5 is a ?owchart of a program for conducting 

engine brake running control; 

5 

FIG. 6 is a ?owchart of a program for conducting - 
decrements of downshift ‘timer (TDS) and delay timer 
(T); ' 

FIG. 7 is a ?owchart of a program for determining a 
new gear position which the automatic transmission 
should be conditioned in after comparing a gear posi 
tion obtained by retrieving a predetermined shift pat 
tern provided for the automatic drive range with a new 
gear position determined by the ?owchart shown in 
FIGS. 5A and 5B; 
FIG. 8 is a ?owchart of a program for controlling 

engagement of an overrunning clutch which when en 
gaged conditions the automatic transmission for engine 
brake running; 
FIG. 9 is a portion of a ?owchart similar to FIG. 5 

showing an alternative modi?cation; and 
FIG. 10 is a portion of a ?owchart similar to FIG. 5 

showing still another alternative modi?cation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, there is shown a functional block 
diagram of an embodiment of an engine brake running 
control system according to the present invention. A 
vehicle speed detecting block 10 where a counter 
counts the number of pulses generated by a transmission 
output shaft revolution speed sensor fora predeter 
mined period of time (for example, 100 ms or 354 ms) 
and generates a vehicle speed indicative signal indica 
tive of the content of the counter. The sensor includes a 
pulse generator V provided on an output shaft 6 of an 
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automatic transmission 24. A brake operation detecting , 
block 12 is provided where a brake signal generated by 
a brake switch is detected and it is determined whether 
the brake is depressed or released. A deceleration de 
tecting block 14 is provided where a time derivative of 
the vehicle speed indicative signal from the vehicle 
speed detecting block 10 during a predetermined period 
of time is calculated and the result is outputted as a 
deceleration indicative signal. Alternatively, the decel 
eration which the vehicle is subject to can be directly 
given by a deceleration sensor mounted to measure the 
longitudinal deceleration which the vehicle is subject 
to. An idle state detecting block 16 is provided where an 
output signal of an idle switch is detected and it is deter 
mined whether the engine throttle valve is at the idle 
speed position or not. The idle switch is arranged within 

60 

6 
the engine throttle chamber. A block 18 is provided 
where the other kinds of information, such as a throttle 
opening degree and an oil temperature of oil used in the 
automatic transmission, which are necessary for the 
shifting control are detected and generated as output 
signals. A block 19 is provided where it is determined 
whether an engine brake running is demanded or not. 
More speci?cally, it is detected at the block 19 whether 
a selector of amanual valve is placed at a manual “2” 
range or “1” range position or an overdrive (OD) 
switch is pressed. When the OD switch is pressed, an 
upshift to the overdrive fourth gear position is inhibited. 
The output signal of the block 19 is fed to a block 20. 
The block 20 is provided for determining whether 

there is any demand for engine brake downshift and a 
new gear position which the automatic transmission 
should be shifted down to. Fed to this block 20 are the 
vehicle speed indicative signal from the block 10, the 
brake operation indicative signal from the block 12, the 
idle operation indicative signal from‘a block 26 accom 
panied by a delay, and the output signal from the block 
19. At the block 20, it is determined whether predeter 
mined conditions are met for effecting downshifting for 
an engine brake running or not and a new gear position 
is determined which the automatic transmission should 
be shifted down to. The output of the block 20 indica 
tive of the result is fed to a shift controlling block 22. 
The outputs of the blocks 10, 18 and 19 are fed to a 

block 21 where a desired gear position which the auto 
matic transmission should be conditioned in is deter 

. mined by table look-up operation of a shift pattern table 
in a conventional manner. For example, an appropriate 
shift pattern table for engine brake running is selected 
and set for use when the output of the block 19 indicates 
that the selector is placed at the manual “2” or “1” 
range position. An output of the block 21 indicative of 
the desired gear position is fed to the shift controlling 
block 22. 
The shift controlling block 22 controls shifting in 

gear position in the automatic transmission 24 in a con 
ventional manner in the absence of the output signal 
from the block 20 indicative of the fact that the prede 
termined conditions for effecting downshifting for en 
gine brake running are met. However, upon receipt of 
the output signal from the block 20 indicative of the fact 
that the predetermined conditions for effecting down 
shifting for engine brake running are met, the shift con 
trolling block 22 commands downshifting and engaging 
of a clutch for effecting engine brake‘ running, namely 
an overrunning clutch in the case of the automatic 
transmission used herein. 

In this embodiment, the automatic transmission 24 is 
of the RE4RO‘1A type described in “NISSAN FULL 
RANGE AUTOMATIC TRANSMISSION RE4R 
01A TYPE, SERVICE MANUAL, (A261CO7)” issued 
on March, 1987 by NISSAN MOTOR COMPANY 
LIMITED. The automatic transmission of the above 
mentioned type is also disclosed in the before mentioned 
US. Pat. No. 4,680,992 (I-Iayasaki et al.) which is 
hereby incorporated in its entirety by reference. 

Referring to FIGS. 2A, 2B, 2C, and 3, the automatic 
transmission 24 is brie?y described. 
FIG. 3 shows a schematic diagram of a gear train for 

the automatic transmission 24, and FIGS. 2A, 2B, and 
2C when combined illustrate a hydraulic circuit of a 
control valve assembly for the automatic transmission 
24. The detailed description along with these Figures is 
hereby omitted because the same is found in US. Pat. 
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No. 4,680,992 issued to Hayasaki et al. on July 21, 1987, 
which has been hereby incorporated by reference in its 
entirety. Particular attention should be paid to the de 
scriptive parts in connection with FIGS. 1A, 1B, and 
1C and 2 of this U.S. Pat. No. 

Brie?y, in FIG. 3, the overrunning clutch mentioned 
before is denoted by the reference character OR/ C. 

Referring to FIGS. 2A, 2B, and 2C, an overrunning 
clutch solenoid 60, a shuttle valve 56, an overrunning 
clutch control valve 58, and an overrunning clutch 
reducing valve 62 perform an engine brake control 
where the overrunning clutch OR/C is engaged. The 
overrunning clutch solenoid 60, the shuttle valve 56, 
and a 3-2 timing valve 48 perform a 3-2 timing control. 
Further, two shift solenoids 42 and 44 and two shift 
valves 38 and 40 perform an automatic shift control 
among ?rst, second, third and fourth (overdrive) gear 
positions. By setting the energization and/or de-energi 
zation of the shift solenoids 42 and 44, the transmission 
may be conditioned in any desired gear position. For 
further information relating to this control, reference 
should be made to co-pending US. patent application of 
Yasushi NARITA Ser. No. 07/301,352 ?led on Jan. 25, 
1989 and assigned to the same assignee which the pres 
ent application is to be assigned. 

Hereinafter, the ?owcharts of control programs 
stored in a memory, such as a read only memory 
(ROM), of a control unit are described in association 
with the functional diagram shown in FIG. 1. 

Referring to FIGS. 40 and 4b, the vehicle speed-de 
tecting block 10 and the deceleration detecting block 14 
are further described. This block has a counter C which 
counts the number of pulses from the transmission out 
put shaft revolution speed sensor. The execution of a 
program as shown by the ?owchart in FIG. 4a is initi 
ated by interruption occurring in synchronous with the 
occurrence of pulse signal from the transmission output 
shaft revolution speed sensor. At a step 30, the content 
of the counter is increased by one. The execution of a 
program as illustrated in a flowchart in FIG. 4b is initi 
ated upon expiration of a predetermined period of time 
for example 100 ms or 354 ms. At a step 32, a difference 
AC (delta C) is calculated by subtracting C from C’, 
where C represents the present content of the counter, 
while C’ the previous content of the counter given the 
predetermined period of time ago. At a step 34, C’ is 
updated and set equal to C. Then, at a step 36, C is 
cleared and set equal to 0 (zero). It will be noted that the 
content of the counter C is indicative of a vehicle speed 
(VSP) which the vehicle is running at. The difference 
AC (delta C) reveals a positive value when the vehicle 
is subject to a deceleration (:1, alpha) and is proportional 
to the magnitude of the deceleration alpha. Of course, 
the deceleration may be determined by directly detect 
ing the deceleration by a vehicle mount deceleration 
sensor (or an accelerenometer). 

Referring to the ?owchart shown in FIG. 5, the func 
tion assigned to the block 20 is described. 

In FIG. 5, at a step 230 it is determined whether the 
manual valve is placed at the “D” range position (viz., 
the automatic drive range position) or not. If an answer 
to this inquiry is NO, the program proceeds to a step 
231 where the ?ags F D52 and FDS3 are reset to 0 and 
ends since the automatic engine brake running is not 
required when the manual valve, is placed at the “II” or 
“1” range position. The downshift ?ag FDS2 indicates 
an instruction to effect an engine brake running at the 
second gear position when it is set equal to V1, while the 
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other downshift ?ag FDS3 an instruction to effect an 
engine brake running at the third gear position. The 
downshift flag FDS2 also serves as a ?ag to inhibit 
upshift to the third gear position upward, while the 
downshift ?ag FDS3 a ?ag to inhibit upshift to the 
fourth speed. 

If the inquiry at step 230 is YES, the program pro 
ceeds to a step 232 where it is determined whether the 
accelerator pedal is released or not, viz., whether the 
idle state indicative switch is ON or not. If the “D” 
range is selected and the accelerator pedal is released, 
the program proceeds from the step 232 to a step 233 
where it is determined whether an idle ?ag FIDL has 
been set equal to l or not. If the idle ?ag FIDL is not 
equal to l, the program proceeds to a step 234 where 
the idle ?ag FIDL is set equal to l and the downshift 
?ag FDS2 is rest to 0 (zero). Then, it proceeds to a step 
235 where the downshift ?ag FDS3 is reset to 0 (zero). 
If it is determined at the step 233 that the idle ?ag FIDL 
is equal to 1, the program proceeds to a step 236 where 
it is determined whether the overdrive inhibitor button 
(OD) is pressed by the driver or not. When the over 
drive inhibitor button (OD) is pressed, the automatic 
transmission is inhibited from operating at the fourth 
gear position (overdrive). If the overdrive is inhibited, 
the program proceeds to the step 235 where the down 
shift ?ag FDS3 is reset to 0 (zero) to cancel the instruc 
tion to effect engine brake running at the third gear 

. position. 
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At the subsequent step 237, it is determined whether 
the brake pedal is depressed or not (viz., whether the 
brake switch designed to be turned ON in response to 
depression of the brake pedal is ON or not). If the brake 
pedal is released and thus not depressed, indicating that 
substantially great engine‘ brake effect is not required, 
the program proceeds to step 238 where the downshift 
?ag FDS2 is reset to 0 (zero) and ends. Accordingly, 
the instruction to effect engine brake running at the 
second gear position which has been set is cancelled 
immediately after the brake pedal is released. 

If the brake pedal is depressed, indicating that the 
substantially great engine brake effect is‘required, the 
program proceeds to step 241 where it is determined 
whether at least one of the downshift ?ags FDS2 and 
FED3 is set equal to l or not. If at least one of the 
downshift ?ags FDS2 and FDS3 is equal to l, indicat_ 
ing that the automatic transmission is conditioned for 
engine brake running, . the program proceeds, to a step 
242 where a downshift timer TDS is checked. If TDS 
does not reduce down to zero yet, the program ends and 
the present states of the downshift ?ags FDS2 and 
FDS3 are maintained. The states of the downshift ?ags 
FDS2 and FDS3 are updated whenever the content of 
the downshift timer TDS becomes 0 (zero). The timer 
TDS is set equal to TDS“, at a step 254 later mentioned 
and the decrement is conducted at a predetermined 
interval (for example, 10 rnsec) by executing a program 
shown in FIG. 6. If, as a result of checking operation at 
the step 241, it is con?rmed that the downshift ?ag 
FDS2 is 0 (zero) and the downshift ?ag FDS3 is 0 
(zero), the states of these downshift ?ags FDS2 and 
FDS3 are updated immediately regardless of the con 
tent of the downshift timer TDS. 
The manner of updating the states of the downshift 

?ags FDS2 and FDS3 is hereinafter explained. At steps 
244 and 245, it is determined whether the present gear 
position GPA is equal to the fourth gear position or the 
third gear position or not. If the present gear position 
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GPA is the fourth gear position, the program proceeds 
from the step 244 to a step 246. At the step 246, it is 
determined whether AC (delta C) indicative of the mag 
nitude of deceleration is greater than or equal to a pre 
determined deceleration value ACSEM, or not. If, as a 
result of the inquiry at the step 246, AC>ACm4, the 
program proceeds to a step 247 where it is determined 
whether the vehicle speed VSP falls in a predetermined 
vehicle speed range de?ned by a lower limit vehicle 
speed value VL42 and an upper limit vehicle speed value 
VH42 (VL42<VSP<VH4z) Or not. If the VSP falls 
outside of this vehicle speed range and thus the answer 
to the inquiry at the step 247 is NO, the program pro 
ceeds to a step 248. At the step 248, it is determined 
whether VSP falls in another predetermined vehicle 
speed range de?ned by a lower limit vehicle speed 
value VL43 and an upper limit vehicle speed value 
VH4; (VL43 <VSP<VH43) or not. If the answer to the 
inquiry at the step 247 is YES (viz., VL42<V 
SP < VH42), the program proceeds to a step 249 where 
the downshift flag FDS2 is set equal to 1 and the other 
downshift ?ag FDS3 is reset to 0 (zero). If the answer to 
the inquiry at the step 248 is YES (viz., VL43<V 
vSP<VH43), the program proceeds to a step 250 where 
the downshift flag FDS2 is reset to 0 (zero) and the 
other downshift flag FDS3 is set to 1. If the answer to 
the inquiry at the step 246 or 248 is NO. the program 
ends. If it is determined at the step 245 that the present 
gear position GPA is equal to the third gear position, the 
program proceeds to a step 251 where it is determined 
whether AC (delta C) is greater than or equal to a pre 
determined deceleration value acmg, or not. If the an 
swer to the inquiry at the step 251 is YES, the program 
proceeds to a step 252 where it is determined whether 
the vehicle speed VSP falls in a predetermined vehicle 
speed range de?ned by a lower limit vehicle speed 
value VL32 and an upper limit vehicle speed value V32 
or not. If the VSP falls in this predetermined vehicle 
speed range, the program proceeds to a step 253 where 
the downshift ?ag FDS2 is set to l and the other down 
shift ?ag FDS2 is reset to 0 (zero). After the step 249 or 
250 or 253, the downshift timer TDS is set equal to 
TDS“, at the step 254. 

Referring back to step 232, it is determined at this step 
whether the ?ag FIDL is set to l or 0. If FIDL=l 
indicating that there is a shift from idle ON status to idle 
OFF status, the program proceeds to a step 256 where 
the timer T is_set equal to a predetermined delay value 
DLY, and the ?ag FIDL is reset to O and the program 50 
proceeds to a step 262. If the flag FIDL is 0 at step 255, ' 
the program proceeds directly to the step 262. At step 
262, it is determined whether the timer T is 0 or not. If > 
the timer T is not 0, the program ends. If the timer T is 
O, the program proceeds to a step 263 where the down 
shift ?ags FDS2 and FDS3 are reset to 0. 
The decrements of the downshift timer TDS and 

delay timer T are conducted by executing a sub-pro 
gram shown in FIG. 6 which is executed upon elapse of 
a predetermined period of time, for example 10 ms. In 
FIG. 6, at a step 300 it is determined whether the con 
tent of the delay timer T is 0 (zero) or not. If it is deter 
mined that the content of the delay timer T is not yet 0 
(zero, the program proceeds to a step 302 where the 
content of timer T is decreased by l (decrement of the 
delay timer T), then the program proceeds to steps 304 
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and 306 where decrement of the downshift timer TDS ' 
is conducted. 

10 
Referring to FIGS. 7 and 8, the functions assigned to 

the blocks 21 and 22 are described. 
In FIG. 7, reading operation is performed at step 320 

to store TH (throttle opening degree) and VSP (vehicle 
speed) as operating condition indicative variables. At 
step 322, using TH and VSP stored, an appropriate shift 
pattern table is selected and a table look-up of the shift 
pattern table selected is conducted to determine a de 
sired gear position GP. At steps 326 and 328, it is 
checked whether there occurs no engine brake running 
state (FDS3=O, FDS=2) or engine brake running state 
at the third gear position (FDS3=l) or engine brake 
running state at the second gear position (FDS2=1). If 
there occurs no automatic engine brake running state, 
the program proceeds to a step 330 where usual shifting 
procedure to bring the actual gear position into agree 
ment with the desired gear position GP is conducted. 

If there occurs engine brake running state at the third 
gear position, the program proceeds from the step 326 
to a step 332 where it is checked whether GP is greater 
than or equal to 3 (third gear position) or not. If GP is 
greater than or equal to 3, GP is set equal to 3 at a step 
334. If GP is less than 3, the program proceeds to a step 
336 where the downshift ?ag FDS3 is reset to 0 (zero) 
and then proceeds to the step 330. 

If there occurs engine brake running state at the sec 
ond gear position, the program proceeds from the step 
328 to a‘step 338 where it is checked whether GP is 
greater than or equal to 2 or not. If GP is greater than 
or equal to 2, GP is set equal to 2 at a step 340. If GP is 
less than 2, the program proceeds to a step 342 where 
the downshift flag FDS2 is reset to 0 (zero) and then 
proceeds to the step 330. 

Referring to'FIG. 8, at step 350, the throttle valve 
opening TH is compared with a predetermined value. If 
TH is greater than or equal to the predetermined value, 
the program proceeds to a step 358 where the overrun 
ning clutch OR/C is released. If TH is less than the 
predetermined value, the program proceeds to a step 
352 where it is determined whether the downshift ?ag 
FDS2 is set or not. If this ?ag FDS2 is set, where the 
overrunning clutch OR/,C is engaged at a step 356, 
inducing engine brake running state. If the downshift 
?ag FDS3 is set, the overrunning clutch is engaged at 
the step'356, inducing engine brake running state. From 
this description, it will be understood that the overrun 
ning clutch OR/C is engaged whenever least one of the 
downshift flags FDS2 and FDS3 is set equal to 1. If 
both of them are reset to 0 (zero), the engine brake 
running state is released. 

Referring to FIG. 9 the second embodiment of the 
present invention is described. This embodiment is sub 
stantially the same as the ?rst embodiment previously 
described except that a downshift ?ag FDS2 is reset to 
0 (zero) at a step 238B when it is determined at a step 
238A that the present gear position GPA is the fourth 
gear position after it is determined at a step 237 that the 
brake pedal has been released. Briefly, the step 238 in 
the ?owchart shown in FIG. 5 has been replaced with 
the above-mentioned two steps 238A and 238B. 
With this modi?ed ?owchart as shown in FIG. 9, the 

automatic transmission is prevented from effecting a 4-2 
downshift for engine brake running at the second gear 
position when it is determined at the step 237 that the 
brake pedal has been released. However, a 3-2 down 
shift for engine brake running at the second gear posi 
tion and a 4-3 downshift for engine brake running at the 
third gear position are not prevented. 
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Referring to FIG. 10, the third embodiment of the 
present invention is described. This embodiment is sub 
stantially the same as the first embodiment except that a 
downshift flag FDSZ is reset to 0 (zero) and the other 
downshift ?ag FDS3 is set to 1 at a step 238D when it 
is determined at a step 238C that the downshift flag 
FDS2 is set to 1 after it is determined at a step 237 that 
the brake pedal has been released. Brie?y, the step 238 
in the ?owchart shown in FIG. 5 has been replaced 
with the above-mentioned two steps 238C and 238D. 
With this modi?cation, the engine running at the second 
gear position which has been originally set is replaced 
with the engine brake running at the third gear position 
after the brake pedal has been released. 
What is claimed is: 
1. An engine brake running control system for an 

automotive vehicle including a brake pedal, and an 
automatic transmission, the automatic transmission 
being shiftable to a predetermined gear position when 
the automatic transmission operates in a predetermined 
automatic drive range, the engine brake running control 
system comprising: . 
means for detecting a depression of the brake pedal 
and generating a brake pedal depression indicative 
signal indicative of said depression of the brake 
pedal; 

means for detecting a present gear position which the 
automatic transmission is conditioned in and gener 
ating a present gear position indicative signal indic 
ative of said present gear position detected; 

means for selecting, out of a predetermined group of 
gear positions including the predetermined gear 
position, a new gear position lower than said pres 
ent gear position in accordance with said preset 
gear position indicative signal and at least one vari 
able which the automotive vehicle is involved in as 
long said brake pedal depression indicative signal is 
generated when the automatic transmission oper 
ates in the predetermined automatic drive range; 

means for effecting a downshaft from said present 
gear position in the automatic transmission to said 
new gear position when the automatic transmission 
operates in the predetermined automatic drive 
range; 

means for conditioning the automatic transmission for 
engine brake running at said new gear position as 
long as said brake pedal depression indicative sig 
nal is generated when the automatic transmission 
operates in the predetermined automatic drive 
range; and 

means for preventing said conditioning means from 
conditioning the automatic transmission for engine 
brake running at the predetermined gear position 
when said brake pedal depression indicative signal 
disappears subsequently when the automatic trans 
mission operates in the predetermined automatic 
drive range, wherein said selecting means include a 
?rst indicator indicative of a gear position higher 
than and. 

2. An engine brake running control system as claimed 
in claim 1, wherein said conditioning means are opera 
tive to condition the automatic transmission for engine 
brake running when one of said ?rst and second indica 
tors is set. 

3. An engine brake running control system as claimed 
in claim 2, wherein said conditioning means are opera 
tive to condition the automatic transmission for engine 
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brake running at that gear position which is indicated by 
that one of said ?rst and second indicators which is set. 

4. An engine brake running control system as claimed 
in claim 3, wherein said preventing means are operative 
to reset said second indicator. 

5. An engine brake running control system as claimed 
in claim 3, wherein said preventing means are operative 
to reset said second indicator when said present gear 
position indicative signal is indicative of a gear position 
higher than and next adjacent to a gear position that is 
higher than and next adjacent to the predetermined gear 
position. 

6. An engine brake running control system as claimed 
in claim 3, wherein said preventing means are operative 
to reset said second indicator and set said ?rst indicator 
after said second indicator has been set. 

7. An engine brake running control system for an 
automotive vehicle including a brake pedal, and an 
automatic transmission, the automatic transmission 
being shiftable to a predetermined gear position when 
the automatic transmission operates in a predetermined 

. automatic drive range, the engine brake running control 
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system comprising: 
means for detecting a depression of the brake pedal 
and generating a brake pedal depression indicative 
signal indicative of said depression of the brake 
pedal; 

means for detecting a present gear position which the 
automatic transmission is conditioned in and gener 
ating a present gear position indicative signal indic 
ative of said present gear position detected; 

means for selecting, out of a predetermined group of 
gear positions including the predetermined gear 

. position, a new gear position lower than said pres 
ent gear position in accordance with said preset 
gear position indicative signal and at least one vari 
able which the automotive vehicle is involved in as 
long as said brake pedal depression indicative sig 
nal is generated when the automatic transmission 
operates in the predetermined automatic drive 
range; 

means for effecting a downshift from said present 
gear position in the automatic transmission to said 
new gear position when the automatic transmission 
operates in the predetermined automatic drive 
range; 

means for conditioning the automatic transmission for 
engine brake running at said new gear position as 
long as said brake pedal depression indicative sig 
nal is generated when the automatic transmission 
operates in the predetermined automatic drive 
range; and 

means for preventing said conditioning means from 
conditioning the automatic transmission for engine 
brake running at the predetermined gear position 
when said present gear position indicative signal is 
indicative of a gear position higher than and. 

8. An engine brake running control system for an 
automotive vehicle including a brake pedal, and an 
automatic transmission, the automatic transmission 

lbeing shiftable to a predetermined gear position when 
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the automatic transmission operates in a predetermined 
automatic drive range, the engine brake running control 
system comprising: 
means for detecting a depression of the brake pedal 

and generating a brake pedal depression indicative 
signal indicative of said depression of the brake 
pedal; I - 
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means for detecting a present gear position which the 
automatic transmission is conditioned in and gener 
ating a present gear position indicative signal indic 
ative of said present gear position detected; 

means for selecting, out of a predetermined group of 
gear positions including the predetermined gear 
position, a new gear position lower than said pres 
ent gear position in accordance with said preset 
gear position indicative signal and at least one vari 
able which the automotive vehicle is involved in as 
long as said brake pedal depression indicative sig 
nal is generated when the automatic transmission 
operates in the predetermined automatic drive 
range; 

means for effecting a downshift from said present 
gear position in the automatic transmission to said 
new gear position when the automatic transmission 
operates in the predetermined automatic drive 
range; 

means for conditioning the automatic transmission for 
engine brake running at said new gear position as 
long as said brake pedal depression indicative sig 
nal is generated when the automatic transmission 
operates in the predetermined automatic drive 
range; and 

means for preventing said conditioning means from 
conditioning the automatic transmission for engine 
brake running at the predetermined gear position, 
but allowing said conditioning means to condition 
the automatic transmission for engine brake run 
ning at a gear position higher than and adjacent to 
the predetermined gear~position. 

9. An engine brake running control system for an 
automotive vehicle including a brake pedal, and an 
automatic transmission, the automatic transmission 
being shiftable to a predetermined gear position in ac 
cordance with a predetermined shift schedule when the 
automatic transmission operates in a predetermined 
automatic drive range, the engine brake running control 
system comprising: 
means for detecting a demand for engine brake run 

ning of the automotive vehicle when the automatic 
transmission operates in the predetermined auto 
matic drive range; 

means for detecting a present gear position which the 
automatic transmission is conditioned in; 

means for setting one of a ?rst indicator and a second 
indicator in response to said present gear position 
detected and said demand for engine brake running 
detected; 

said ?rst indicator being indicative of a gear position 
higher than and next adjacent to the predetermined 
gear position, said second indicator being indica 
tive of the predetermined gear position; 

means for comparing a gear position that is deter 
mined in accordance with the predetermined shift 
schedule with that gear position which is indicated 
by said one of said ?rst or second indicators that is 
set and setting as a new gear position a lower one of 
said gear position that is determined in accordance 
with the predetermined shift schedule and said gear 
position which is indicated by said one indicator 
that is set; 

means for shifting the automatic transmission from 
said present gear position down to said new gear 
position; 
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14 
means for conditioning the automatic transmission for 

engine brake running when one of said ?rst and 
second indicators is set; 

means for detecting a release of the brake pedal after 
said demand for engine brake running has been 
detected; and 

means for resetting said second indicator when said 
release of the brake pedal is detected. 

10. An engine brake running control system as 
claimed in claim 9, wherein said resetting means include 
means for resetting said second indicator when said 
present gear position detected is higher than and adja 
cent to a gear position that is higher than and adjacent 
to the predetermined gear position. 

11. An engine brake running control system as 
claimed in claim 9, wherein said resetting means include 
means for resetting said second indicator and setting 
said ?rst indicator after said second indicator has been 
set. 

12. An engine brake running control system as 
claimed in claim 9, including means for detecting a 
deceleration which the automotive vehicle is subject to, 
the deceleration detected being used and indicative of 
the degree of said demand for engine brake running. 

13. An engine brake running control system as 
claimed in claim 12, wherein said deceleration detecting 
means include means for detecting a velocity of an 
output shaft of the automatic transmission. 

14. In an automotive vehicle including a brake pedal, 
and an automatic transmission having a predetermined 
gear position: 
means for detecting a depression of the brake pedal 
and generating a brake pedal depression indicative 
signal indicative of said depression of the brake 
pedal; - 

means for determining a deceleration which the auto 
motive vehicle is subject to and generating a decel 
eration indicative signal indicative of said decelera 
tion determined; 

means for detecting a present gear position which the 
automatic transmission is conditioned in and gener 
ating a present gear position indicative signal indic 
ative of the present gear position detected; 

means for determining a ?rst new gear position in 
accordance with a predetermined shift schedule 
when the automatic transmission operates in a pre 
determined automatic drive range; 

means for selecting, out of a predetermined group of 
gear positions including the predetermined gear 
position, a second new gear position lower than 
said present gear position in accordance with said 
present gear position indicative signal and said 
deceleration indicative signal as long as said brake 
pedal depression indicative signal is generated 
when the automatic transmission operates in said 
predetermined automatic drive range; 

means for comparing a parameter of the ?rst new 
gear position with a parameter of the second new 
gear position and setting as a target gear position a‘ 
lower one of said ?rst new gear position and said 
second new gear position; 

means for effecting a downshift from said present 
gear position in the automatic transmission to said 
target gear position when the automatic transmis 
sion operates in said predetermined automatic 
drive range; 

means for conditioning the automatic transmission for 
engine brake running at said target gear position as 
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long as said brake pedal depression indicative sig 
nal is generated when the automatic transmission 
operates in said predetermined automatic drive 
range; and 

means for preventing said conditioning means from 
conditioning the automatic transmission for engine 
brake running at the predetermined gear position 
when said brake pedal depression indicative signal 
disappears subsequently when the automatic trans 
mission operates in said predetermined automatic 
drive range. 

15. In an automotive vehicle including a brake pedal, 
and an automatic transmission having a predetermined 
gear position: 
means for detecting a demand for engine brake run 

ning of the automotive vehicle when the automatic 
transmission operates in a predetermined automatic 
drive range; , 

means for detecting a present gear position which the 
automatic transmission is conditioned in; 

means for determining a new gear position in accor 
dance with a predetermined shift schedule; 

means for setting one of a ?rst indicator and a second 
- indicator in response to said present gear position 

detected and said demand for engine brake running 
detected; 

said ?rst indicator being indicative of a gear position 
higher than and adjacent to the predetermined gear 
position, said second indicator being indicative of 
the predetermined gear position; 

means for comparing said new gear position that is 
determined in accordance with said predetermined 
shift schedule and that gear position which is indi 
cated by said one of said ?rst or second indicators 
that is set and setting as a target gear position a 
lower one of said new gear position that is deter 
mined in accordance with the predetermined shift 
schedule and said gear position which is indicated 
by that one indicator which is set; 

means for shifting the automatic transmission from 
said present gear position to'said target gear posi 
tion; 

means for conditioning the automatic transmission for 
engine brake running when one of said ?rst and 
second indicators is set; 

means for detecting a release of the brake pedal after 
said demand for engine brake running has been 
detected; and 

means for resetting said second indicator when said 
release of the brake pedal is detected. 

16. A method for engine brake running control for an 
automotive vehicle including a brake pedal, and an 
automatic transmission, the automatic transmission 
being shiftable to a predetermined gear position when 
the automatic transmission operates in a predetermined 
automatic drive range, the method comprising the steps 
Of: 

detecting a depression of the brake pedal and generat 
ing a brake pedal depression indicative signal indic 
ative of said depression of the brake pedal; 

detecting a present gear position which the automatic 
transmission is conditioned in and generating a 
present gear position indicative signal indicative of 
said present gear position detected; 

selecting, out of a predetermined group of gear posi 
tions including the predetermined gear position, a 
new gear position lower than said present gear 
position in accordance with said present gear posi 
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tion indicative signal and at least one variable 
which the automotive vehicle is involved in as long 
as said brake pedal depression indicative signal is 
generated when the automatic transmission oper 
ates in the predetermined automatic drive range; 

effecting a downshift from said present gear position 
in the automatic transmission to said new gear 
position when the automatic transmission operates 
in the predetermined automatic drive range; 

conditioning the automatic transmission for engine 
brake running at said new gear position as long as 
said brake pedal depression indicative signal is 
generated when the automatic transmission oper 
ates in the automatic drive range; and 

preventing the automatic transmission from being 
conditioned for engine brake running at the prede 
termined gear position when said brake pedal de 
pression indicative signal disappears subsequently 
when the automatic transmission operates in the 
predetermined automatic drive range. 

17. A method for engine brake running control for an 
automotive vehicle including a brake pedal, and an 
automatic transmission, the automatic transmission 
being shiftable to a predetermined gear position in ac 
cordance with a predetermined shift schedule when the 
automatic transmission operates in a predetermined 
automatic drive range, the method comprising the steps 
0f: 

detecting a demand for engine brake running of the 
automotive vehicle when the automatic transmis 
sion operates in the predetermined automatic drive 
range; 

detecting a present gear position which the automatic 
transmission is conditioned in; 

setting one of a ?rst indicator and a second indicator 
in response to said present gear position detected 

_ and said demand for engine brake running, 
said ?rst indicator being indicative of a gear position 

higher than and adjacent to the predetermined gear 
position, said second indicator being indicative of 
the predetermined gear position; 

comparing a gear position that is determined in accor 
dance with the predetermined shift schedule and 
that gear position which is indicated by said one of 
said ?rst or second indicators that is set and setting 
as a new gear position a lower one of said gear 
position that is determined in accordance with the 
predetermined shift schedule and that gear position 
which is indicated by said one indicator that is set; 

shifting the automatic transmission from said present 
gear position to said new gear position; 

conditioning the automatic transmission for engine 
brake running when one of said ?rst and second 
indicators is set; 

detecting a release of the brake pedal after said de 
mand for engine brake running has been detected; 
and 

resetting said second indicator when said release of 
the brake pedal is detected. 

18. A method for engine brake running control for an 
automotive vehicle including an automatic transmis 
sion, an accelerator pedal, and a foot brake, the auto 
matic transmission including an input shaft and an out 
put shaft and being automatically shiftable to a prede 
termined gear position when a forward drive range is 
selected, the method comprising the steps of: 

detecting whether the forward drive range is selected 
or not and generating a forward drive range selec 




